Purpose: We sought to identify the clinical and magnetic resonance imaging variables predictive of biochemical recurrence after robotic assisted radical prostatectomy in patients who underwent multiparametric 3 Tesla prostate magnetic resonance imaging. Materials and Methods: We performed an institutional review board approved, HIPAA (Health Insurance Portability and Accountability Act) compliant, single arm observational study of 3 Tesla multiparametric magnetic resonance imaging prior to robotic assisted radical prostatectomy from December 2009 to March 2016. Clinical, magnetic resonance imaging and pathological information, and clinical outcomes were compiled. Biochemical recurrence was defined as prostate specific antigen 0.2 ng/cc or greater. Univariate and multivariate regression analysis was performed. Results: Biochemical recurrence had developed in 62 of the 255 men (24.3%) included in the study at a median followup of 23.5 months. Compared to the subcohort without biochemical recurrence the subcohort with biochemical recurrence had a greater proportion of patients with a high grade biopsy Gleason score, higher preoperative prostate specific antigen (7.4 vs 5.6 ng/ml), intermediate and high D'Amico classifications, larger tumor volume on magnetic resonance imaging (0.66 vs 0.30 ml), higher PI-RADSÒ (Prostate ImagingReporting and Data System) version 2 category lesions, a greater proportion of intermediate and high grade radical prostatectomy Gleason score lesions, higher pathological T3 stage (all p <0.01) and a higher positive surgical margin rate (19 4, 5 However, most existing nomograms lack the anatomical and functional information provided by imaging.
As a powerful imaging tool for diagnosis, staging, image guided biopsy and preoperative planning 3TmpMRI has emerged.
6e8 It can provide anatomical, functional and 3D information (ie volumetric data), 9 which is increasingly used to augment existing clinical models to offer improved predictions of biochemical recurrence. Existing studies to date have emphasized qualitative instead of quantitative features, 10 did not use whole mount pathology as a reference standard, 10 used length based measurement such as tumor contact length 11 or studied patients using 1.5 Tesla 12 instead of 3 Tesla MRI.
To our knowledge no studies have evaluated the usefulness of contemporary 3D MRI data (ie 3D MRI volume) and the newer standardized PI-RADSÒ v2 lexicon combined with state-of-the-art 3TmpMRI to evaluate for biochemical recurrence using whole mount pathology and postoperative PSA as standard references. Therefore, the purpose of this study was to investigate clinical, 3D and conventional quantitative 3TmpMRI predictors using whole mount histopathology as the ground truth to predict BCR after RALP.
METHODS

Study Design
After institutional review board approval and in compliance with the 1996 HIPAA (Health Insurance Portability and Accountability Act) we performed a single arm, observational, single institution study of 395 consecutive patients who underwent 3TmpMRI of the prostate prior to RALP between December 2009 and March 2016. Of the 395 patients 140 lacked followup postoperative PSA and were excluded from analysis. The final study cohort comprised 255 consecutive patients with followup postoperative PSA.
Clinical Information
We collected clinical data (preoperative biopsy Gleason score, patient age and preoperative PSA), MRI information (tumor diameter and volume, prostate volume, solitary vs multifocal tumor, cancer location and PI-RADS v2 category), radical prostatectomy information (Gleason score, pathological stage and positive surgical margins) and clinical outcomes (biochemical recurrence and followup). Biochemical recurrence was defined as postoperative PSA 0.2 ng/ml or greater with an additional PSA 0.2 ng/ml or greater for confirmation when available. 12 The index tumor was defined as the lesion with the highest radical prostatectomy Gleason score on whole mount histopathology. If the patient had a multifocal tumor with the same Gleason score, the tumor with the longest diameter served as the index lesion. Patients were categorized at low, intermediate or high risk according to the standard D'Amico classification. 13 
Magnetic Resonance Imaging
We performed 3TmpMRI using an endorectal coil (MedRADÒ) and an external phased array on 1 of several 3 Tesla magnets, including a Trio, Verio or Skyra for 3.0 (SiemensÒ), in 180 of the 255 patients (70.6%). The remainder underwent external phased array coil mpMRI alone.
The 3TmpMRI protocol included conventional T2W, diffusion-weighted imaging and dynamic contrast enhanced sequences. Images were reviewed with DynaCAD 3 (Philips InvivoÒ) for 3-dimensional volume of interest delineation of prostate and tumor volumes on T2W. The MRI tumor was contoured on every slice on T2W images and volume was subsequently generated by the software. For all MRI lesions tumor volume was calculated at the time of MRI interpretation by the radiologist. This information was available for referring providers before radical prostatectomy.
Multiparametric Magnetic Resonance Imaging, and Histopathological Analysis and Correlation
Images were interpreted by a single reader, that is 1 of 2 fellowship trained genitourinary radiologists (DJM or SSR) with 8 and 15 years of experience with prostate MRI, respectively. They prospectively identified PCa on preoperative mpMRI. Lesions were then characterized for aggressiveness with PI-RADS v2. 13 WMHP was analyzed by 1 of 2 dedicated genitourinary pathologists (JH or DYL) with 15 and 4 years of experience with prostate pathology, respectively, while blinded to MRI information. On each section for each individual PCa focus we recorded lesion size, diagrammatic location and Gleason score. In a series of monthly joint sessions 3TmpMRI findings were initially rereviewed and all MRI detected lesions were matched by at least 1 genitourinary radiologist (DJM and/or SSR) with their counterparts on WMHP by at least 1 genitourinary pathologist (DYL and/ or JH). 
Statistical Analysis
DISCUSSION
In this study we found for the first time to our knowledge that tumor volume on 3TmpMRI was the only nonpathological independent biomarker predicting BCR after RALP, in addition to previously reported postoperative pathological variables such as positive surgical margins, pathological T stage and pathological Gleason score on multivariate analysis. Further, we were unable to confirm the usefulness of previously reported clinical variables to predict BCR, such as PSA level, D'Amico risk classification and biopsy Gleason score, on multivariate analysis. 5, 12, 14 To enable standardized interpretation an expert consensus document sponsored by ESUR (European Society of Urogenital Radiology) and ACRÒ (American College of Radiology) called PI-RADS was introduced. The initial version of PI-RADS (version 1) was published in 2012 and an update, PI-RADS v2, was published in December 2014. The diagnostic performance of PI-RADS v2 in the setting of 3TmpMRI to predict BCR has not previously been reported to our knowledge.
Our study shows that in a univariate model there were differences in PI-RADS v2 categories between the BCR and nonBCR cohorts with BCR seen in a higher proportion of PI-RADS v2 category 4 and 5 cases. However, in the multivariable model PI-RADS v2 category was not a significant predictor. PI-RADS v2 provides a standardized lexicon to interpret prostate mpMRI and stratify the malignant potential of individual lesions detected on mpMRI. It has been effective to risk stratify the detection and localization of suspicious lesions. However, our results suggest that in its current form its role for predicting BCR may be limited.
Considering the emerging role of 3TmpMRI in the improved detection, localization, staging and 18 Our study demonstrated that tumor volume was a significant predictor on univariate and multivariable analyses.
The difference between the results of our study and those of Rosenkrantz et al 18 was likely due to how tumor volume was generated. we used T2W sequencing instead of ADC sequencing to generate tumor volume. T2W sequencing has higher anatomical spatial resolution than ADC, which may explain the differences in the study results. In addition, our study population was larger (255 vs 193 patients) and more patients had BCR (24.3% vs 16.6%). Thus, our series was possibly better powered to detect a difference. Despite the differences in technique as well as statistical modeling each study suggests the value of tumor volume.
Given the high accuracy of 3D prostate volume, which can be incorporated into the clinical workflow, 9,19 the potential to measure tumor volume as well may permit improved risk stratification in patients at risk for BCR. Although the role of MRI tumor volume should be studied further, we believe that MRI tumor volume may have roles similar to those of positive biopsy core length and the percent of positive cores for understanding the tumor burden when counseling patients and discussing management. Provided that the false-positive rate of MRI is 10.6% and the corresponding positive predictive value of MRI to identify the radiological index lesion is 89.4%, we believe that MRI may provide an alternative noninvasive surrogate marker of the tumor burden to correspond with pathology findings in most but not all cases. Park et al reported that an apparent tumor presence combined with T2W, diffusion-weighted imaging and dynamic contrast enhanced pretreatment MRI (defined as tumor visibility on diffusionweighted imaging and dynamic contrast enhanced MRI) were significant predictors of BCR after radical prostatectomy on univariate but not multivariate analysis. 10 However, Park et al did not evaluate qualitative parameters such as the PI-RADS v2 score or quantitative parameters, or 3D data such as tumor volume in that study as we have done. To our knowledge we report one of the few studies to evaluate quantitative clinical and 3TmpMRI parameters, including 3D prostate volume.
There are several limitations to our study. 1) This was a retrospective study and subject to selection bias. Independent and prospective validation is required to confirm the findings. 2) This single institution study at a high volume, tertiary care institution with multidisciplinary expertise may not be generalizable to the general population across practices. 3) Followup was relatively short at a median of 23.5 months. 4) Results may not be applicable to MRI invisible tumors, such as cribriform tumors. 20 Despite these limitations to our knowledge this is the largest study of 3TmpMRI using PI-RADS v2 qualitative lesion based analysis and quantitative 3D imaging parameters with WMHP correlation.
CONCLUSIONS
Our study revealed that MRI tumor volume was the only imaging variable in addition to pathological information (Gleason score, staging and positive surgical margins) which was significantly associated with higher biochemical recurrence. In addition to the other roles of MRI, including prostate cancer detection, localization and treatment planning, volumetric prostate tumor data provided by MRI may also be useful to identify patients at risk for biochemical recurrence. Among the imaging parameters only tumor volume on 3D MRI was a predictor of BCR. This result is encouraging but it should be noted that MRI can easily underestimate tumor volume on the final pathology evaluation as reported in the recent literature.
EDITORIAL COMMENT
1,2 Although MRI can underestimate actual final pathology tumor volume, a 3D MRI based lesion volume obtained at high resolution T2W MRI can still contribute BCR prediction along with pathology derived parameters.
PI-RADS is a relatively new system to improve image acquisition and interpretation of prostate MRI. The authors tested PI-RADS for BCR prediction but PI-RADS category scores did not help predict BCR status. It should be acknowledged that while PI-RADS is more subjective than preexisting scoring systems, it is still a more qualitative approach designed to predict clinically significant intraprostatic lesions only. PI-RADS is an evolving system. Maybe future revisions of PI-RADS criteria would enable BCR prediction in addition to its current indication.
MRI is more widely used in many aspects of localized prostate cancer care. While this is happening, there is a shift toward the application of more quantitative and objective parameters or methods in its use, which can potentially allow for easier implementation of MRI and imaging biomarkers into the process of predicting adverse treatment outcomes (eg BCR). The current study aimed to accomplish this in a large, single institution cohort. The presented results are encouraging and further research should focus on validating these findings.
